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CC BY-NC-ND license (http://creativSummary Direct revascularization is beneficial in patients with moyamoya disease under se-
lective conditions. Here, we report the case of a patient with moyamoya disease who devel-
oped a complication following revascularization through cerebrovascular bypass surgery. A
42-year-old man experienced an acute onset of weakness in the right limbs with slurred
speech. He was initially treated for a suspected transient ischemic attack. Further workup re-
vealed luminal narrowing in the left M1 segment (from the origin of middle cerebral artery to
its bifurcation) and total luminal occlusion of the right M1 segment of the middle cerebral ar-
tery. Direct revascularization using a superficial temporal artery to the middle cerebral artery
bypass procedure was performed. Postoperative follow-up brain computed tomography in the
outpatient clinic revealed aneurysm formation at the anastomotic site of the right superficial
temporal artery to the middle cerebral artery. Various theories have been postulated to
explain this rare complication. Here, we discuss possible etiologies for the formation and man-
agement of aneurysms at anastomotic sites with a review of similar cases in the literature.
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Surgical intervention is one of the major treatment modal-
ities for moyamoya disease.1,2 Both direct and indirect re-
vascularizations arewidely used surgical options. However, a
superior surgical technique is required for direct revascu-
larization. In direct revascularization, anastomosis of theby Elsevier Taiwan LLC. This is an open access article under the
/4.0/).
150 C.-L. Tang, C.-C. Shensuperficial temporal artery (STA) to the middle cerebral ar-
tery (MCA; denoted as STAeMCA) is commonly performed;
however, this procedure can cause complications. Here, we
report the case of a patient with moyamoya disease who
developed an aneurysm in the STAeMCA anastomotic site
following direct revascularization. The successful treatment
of the aneurysm prevented its catastrophic sequelae.2. Case Report
A 42-year-old man with hypertension under medication
experienced an acute onset of weakness in the right limbsFigure 1 (A) Preoperative MR angiography revealed luminal narro
of the right M1 segment of the MCA (straight arrow). (B) Postoperati
hemorrhage. CTZ computed tomography; L’tZ left; MCAZmidd
Figure 2 Preoperative regional cerebral perfusion SPECT (Single
hypoperfusion in the left frontal cortex, left basal ganglion, and r
right temporal cortex and right thalamus.with slurred speech for 2 years. He was initially treated
with hydration and aspirin at a local clinic for a suspected
transient ischemic attack. He was then transferred to our
department for further evaluation. At our hospital, brain
MR(Magnetic Resonance) angiography revealed luminal
narrowing in the M1 segment (from the origin of middle
cerebral artery to its bifurcation) and total occlusion of the
right M1 segment of the MCA (Figure 1A). Digital subtraction
angiography demonstrated severe stenosis of the M1
segment of the right MCA with moyamoya vessels in the M1
region, in addition to total occlusion of the left M1 segment
with compensated collateral flow from the left ECA(Exter-
nal Carotid Artery) and moyamoya vessels to the right M1wing in the left M1 segment (curved arrow) and total occlusion
ve noncontrast brain CT showed right-side temporal intracranial
le cerebral artery; MRZmagnetic resonance; R’tZ right.
-Photon Emission Computed Tomography) revealed significant
ight frontoparietal junction and relative hypoperfusion in the
Anastomotic aneurysm after cerebrovascular bypass surgery 151and right ophthalmic area. Laboratory investigation
revealed no significant abnormality. Moyamoya disease with
superimposed ischemic symptoms was diagnosed. Regional
cerebral perfusion SPECT (Single-Photon Emission
Computed Tomography) performed for preoperative prep-
aration revealed significant hypoperfusion in the left fron-
tal cortex, left basal ganglion, and right frontoparietal
junction as well as relative hypoperfusion in the right
temporal cortex and right thalamus (Figure 2). To prevent
additional ischemic stroke attacks, direct revascularization
using an STAeMCA bypass procedure was suggested. A left
STAeMCA anastomosis was immediately performed fol-
lowed by a right STAeMCA anastomosis 6 months later.
Postoperative noncontrast brain computed tomography
(CT) performed 1 day after the right-side STAeMCA bypass
procedure revealed intracranial hemorrhage (ICH) in the
right temporal region (Figure 1B). Medical treatment with
tentative blood pressure control was preferred during the
immediate postoperative period owing to the absence of
new neurological deficits. During a follow-up visit at ourFigure 3 (A) Coronal and (B) transverse views of CT angiography
the right STAeMCA anastomotic site. CTZ computed tomograph
artery.
Figure 4 (A) Intraoperative photograph demonstrates successful
(B) Postoperative DSA shows disappearance of the junction aneu
middle cerebral artery; STAZ superficial temporal artery.outpatient clinic 5 months later, brain CT angiography
revealed favorable patency of both anastomoses; however,
an 8-mm aneurysm was noted at the right STAeMCA
anastomotic site (Figure 3). Surgical clipping was per-
formed 7 days later (Figure 4A). The neurological condition
returned to the preclipping status without any neurological
deficits.3. Discussion
Anastomotic aneurysm formation following extracranial-
intracranial (EC-IC) surgery is relatively uncommon. In
previously reported cases (Table 1), pseudoaneurysm for-
mation was mostly observed during the first 2 postoperative
months, whereas true aneurysms were observed years after
surgery (Figure 5A). Most patients presented with a
ruptured aneurysm with unfavorable outcomes (Figure 5B).
Once ICH is diagnosed through postoperative brain CT, more
aggressive follow-up through postoperative CT angiographybefore clipping reveals an 8-mm junction aneurysm (arrow) in
y; MCAZmiddle cerebral artery; STAZ superficial temporal
clipping of the junction aneurysm in the right STAeMCA bypass.
rysm (circle). DSAZ digital subtraction angiography; MCAZ -
Table 1 Twenty reported cases who developed an aneurysm following bypass surgery.
Reference Age/
gender
Lesion Interval Presentation Size Histology Treatment Outcome
1 Eom et al, 2010 51/
female
Moyamoya
disease
6 mo Ruptured with ICH 26
mm
True Clipping MD
2 Fein, 1985 70/male Bil. ICA
occlusion
1 y Follow-up 6 mm True Coating GR
3 Fleisher et al,
1979
60/male L’t ICA
occlusion
2 mo Thrombosis 4 mm Pseudo OAeMCA GR
4 Fukushima
et al, 2015
63/male L’t ICA
occlusion
2.5 y Follow-up 19
mm
True Trapping GR
5 Hokari et al,
2010
50/
female
L’t MCA
occlusion
27 y Ruptured with ICH 3.5
mm
Pseudo Trapping NM
6 Kawahara et al,
2013
77/male R’t ICA
occlusion
15 mo Ruptured with ICH 8 mm Pseudo Clipping SD
7 Kohno et al,3
1996
65/male R’t ICA
occlusion
2 mo Ruptured with SDH 5 mm True Transection,
OAeSTA
GR
8 Kurokawa et al,
2007
53/male L’t ICA
aneurysm
3 y Follow-up True Nil GR
9 Kurokawa et al,
2007
70/male ICA occlusion 21 y Ruptured with SAH True Nil Death
10 Lantos et al,
1984
70/male L’t ICA
occlusion
13mo Headache 13
mm
True Coating GR
11 Leclercq
et al,1980
61/male Bil. ICA
occlusion
25 d Ruptured with fatal SDH Pseudo Nil Death
12 Miura et al,
2010
74/male ICA occlusion 15 mo Follow-up True Wrapping GR
14 Morgan et al,
1986
60/male Basilar artery
stenosis
1 y Ruptured with SAH and third
nerve palsy
12
mm
Pseudo Ligation, STA
eSCA
GR
15 Nishizawa et al,
2000
43/male L’t ICA
occlusion
5 y Ruptured with ICH Pseudo Clipping MD
16 Parent et al,
1983
60/male R’t ICA
occlusion
2 wk Follow-up 9 mm True Clipping GR
17 Rashad et al4,
2014
33/male ICA aneurysm 3 y Headache 45
mm
True Ligation GR
18 Sasaki et al,
1996
49/male Bil. M1
occlusion
4 y Ruptured with SAH/ICH 8 mm True Clipping MD
19 Takehie et al.,
2005
42/male Bil ICA occlusion 20 y Ruptured with ICH/IVH 8 mm True Clipping SR
20 Present case 42/male Bil. M1
occlusion
5 mo Postop ICH 8 mm Unknown Clipping GR
Bil.Z bilateral; GRZ good recovery; ICAZ internal cerebral artery; ICHZ intracranial hemorrhage; IVHZ intraventricular hemor-
rhage; L’tZ left; MCAZmiddle cerebral artery; MDZmild disability; NMZ not mentioned; OAZ occipital artery; pseudoZ -
pseudoaneurysm; R’tZ right; SCAZ superior cerebellar artery; SDZ severe disability; STAZ superficial temporal artery.
152 C.-L. Tang, C.-C. Shenis crucial to prevent catastrophic sequelae. In addition,
life-long follow-up is mandatory for such patients.
In addition to aneurysm formation, the STAeMCA bypass
procedure can cause several potential complications.
Ischemic changes usually result from the compression of
the donor vessel because of scalp closure, graft occlusion,
stenosis at the anastomotic site, and embolism. Therefore,
the treating physician must look for evidence of the phe-
nomena. Generally, postoperative Doppler and angiography
can be used to identify the cause. Hypertension may result
in anastomosis leakage or parenchymal hemorrhage, and
increased perfusion may subsequently cause cerebral
edema and impaired autoregulation. In addition, a loose
dural closure is necessary to prevent the compression of the
donor vessel, which increases the risk of cerebrospinal fluidleakage, pseudomeningocele, and subdural hygromas.
Finally, similar to other craniotomies, systemic surgical
complications such as myocardial infarction, pneumonia,
deep venous thrombosis, and pulmonary emboli2 may
occur.
Some case studies have reported aneurysm formation
following STAeMCA bypass. Several theories have been
postulated to explain this complication. This complication
may be attributed to a problem in the surgical technique,
traumatic vascular injury during surgery, or hemodynamic
changes after a bypass procedure. Robertson and Rob-
ertson5 conducted a study on rats and reported that the
number of anastomosis sutures is closely associated with
the potency rate and pseudoaneurysm formation. For end-
to-side anastomosis with vessels measuring 1e2 mm in
Figure 5 (A) The incidence of aneurysm formation peaks at 2 months and 5 years after surgery. (B) Although most cases pre-
sented with a ruptured aneurysm with ICH (58%), aneurysms in other cases were noted during routine follow-up. Note. Figure 5
presents the compiled data of Cases 1e19 reported in the literature. ICHZ intracranial hemorrhage.
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aforementioned study, pseudoaneurysm formation was
noted 5 weeks after anastomosis. Another mechanism
proposed for aneurysm formation is the disruption of the
intima of vessels as a result of intraoperative manipula-
tion.6 The number of sutures used and the damage to the
intima may explain, at least in part, the formation of a
pseudoaneurysm postoperatively. However, the formation
of a true aneurysm has also been mentioned in other case
reports (Table 1). The effect of hemodynamic changes after
a bypass procedure has been discussed. To maintain stable
local cerebral blood flow, blood flow through either moya-
moya vessels or bypass vessels should increase to balance
the reduced flow volume from the occlusive internal cere-
bral artery.7 The increased blood flow is considered to exert
a strong shearing force on the vessel walls, particularly at
the bifurcation site, and a true aneurysm may form oppo-
site to the STA insertion site.
In our case, the aneurysm was located adjacent to the
anastomotic site, rather than opposite the anastomotic
site. Surgical techniques and traumatic vascular injuries
during stump preparation for anastomosis are the most
probable aneurysm-causing factors. As a specimen of the
aneurysm wall was not collected, definitive pathological
evidence of the nature of the aneurysm could not be ob-
tained. However, because the wall of the aneurysm was
thick, we speculate that a pseudoaneurysm was unlikely.
4. Conclusion
Once postoperative brain CT reveals ICH in the anastomotic
site, more aggressive follow-up through CT angiography ordigital subtraction angiography during the first post-
operative 6 months is necessary to exclude the possibility of
pseudoaneurysm formation. Life-long follow-up is also
mandatory for such patients because aneurysm formation
may be inevitable owing to hemodynamic changes at the
anastomotic site.References
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